Background
Introduction
According to the Centers for Disease Control and Prevention (www.cdc.gov), trauma (accidents / unintentional injuries) remains to be the leading cause of death in the United States up to the age of 44 years. About 25% of patients of all traumatic fatalities represent blunt thoracic trauma [1] . Although blunt cardiac trauma is a known complication, not much is known about the incidence, the relevance and the outcome of this trauma entity. The reported incidence of cardiac damage following blunt chest trauma ranges between 8% and 76%, depending on the criteria used to diagnose [2] [3] [4] [5] [6] . The literature is inconsistently interpreting the little data available in terms of relevance and prognostic significance. While some studies indicate that blunt cardiac trauma is rare and has little prognostic significance [7, 8] , others show that it is affecting the patients' outcome [9] .
The final common path in the pathology of blunt cardiac trauma is injury to the myocardium, additional injury to anatomical structures such as the valves are facultative. There are two basic mechanisms leading to blunt cardiac trauma: direct impact against bony structures (sternum, vertebrae) and shear stress forces [10, 11] . They result in cellular damage with necrosis, permeation of blood cells into the myocardial tissue and subsequent scar formation [10] . Due to cellular damage and disruption of myocardial cell membranes, creatine phosphokinase myocardial band (CPK-MB) and troponin (troponin I and T) are released [12] . Injuries to anatomical structures might involve laceration or rupture of valves, due to the higher pressure the left side is more susceptible to injury of anatomical structures (mitral and aortic valve) as compared to the right side (tricuspid and pulmonic valve) [11] . In addition, injury to coronary arteries or to the septum may occur.
The diagnosis of blunt cardiac trauma is challenging, visible thoracic lesions might be absent. In addition, clinical signs such as hypotension, hypoxia or haemodynamic instability might be attributed to other severe injuries with blood loss in trauma patients [13] . Patients might present with palpitations or precordial pain, which are often misinterpreted as concomitant muscle injury [14] . The use of biochemical biomarkers is neither plain sailing. CPK-MB has a high specificity for myocardial infarction, but due to high increases of CPK following trauma, false positive increases of CPK-MB were found in severely injured patients [4, 10] . In contrast, troponin I and T are highly specific for myocardial injury, normal concentrations strongly indicate the absence of myocardial injury following blunt chest trauma [15] [16] [17] . Electrocardiography (ECG) might show non-specific abnormalities or might be normal following trauma due to anatomical reasons [13] . The relative frequency of injury to the heart is as follows: right ventricle, left ventricle, right atrium, intraventricular septum, left atrium, and least commonly rupture of the intra-atrial septum. Right heart injury might be missed on an ECG, as the ECG is more sensitive for left ventricular than for right ventricular injuries due to the muscle mass ratio [18] . In contrast to ECG, echocardiography enables the clinician to localise myocardial wall dysfunction. In addition to the determination of wall motion abnormalities, anatomical injuries to the heart can be determined (e.g. valvar lesions or pericardial tamponade) [19, 20] . Echocardiography is thereby a valuable tool to diagnose blunt cardiac trauma. Radionuclide imaging such as SPECT or PET are not recommended due to poor visualisation especially of the right ventricle and insufficient experience of the technique in the trauma setting [2] .
Defining the severity of blunt cardiac trauma remains challenging, the spectrum ranges from minor 'bruises' to penetrating wounds including more than 50% of a chamber. The Association for the Advancement of Automotive Medicine (AAAM) created an anatomical-based coding system describing the severity of injuries, called Abbreviated Injury Score (AIS). First published in 1969, multiple updates have been implemented. Being the gold standard tool to scale single injuries, the AIS scales injury from 1-6 (1 minor, 2 moderate, 3 serious, 4 severe, 5 critical, and 6 maximum).
While diagnostic strategies have been refined in the past, little data concerning the relevance of blunt cardiac injury in the context of outcome, prognosis and mortality has been published. In addition, not much is known about predictors of blunt cardiac injury. To approach these essential questions, we collected data from the TraumaRegister DGU (1993-2009), which were retrieved according to the AIS score. Data of 47,580 patients were included to investigate the relevance and prognostic significance of blunt cardiac trauma in severely injured patients. Here, we emphasize the relevance of blunt cardiac trauma and its relevance concerning the outcome of severely injured patients, thereby sensitising trauma surgeons to this rare trauma entity.
Methods

Data collection
Data was obtained from the TraumaRegister DGU of the German Trauma Society (DGU). The TraumaRegister DGU was initiated in 1993 by the Committee on Emergency Medicine, Intensive Care and Trauma Management of the German Trauma Society (Sektion NIS) and comprises data of severely injured patients of more than 600 trauma centres. Participating hospitals are mainly located in Germany (90%), a rising number of hospitals of other countries contributes as well (Austria, Belgium, China, Finland, Luxembourg, Slovenia, Switzerland, The Netherlands, and the United Arab Emirates). It is a prospective, multicentric, standardised and anonymised data base. The inclusion criterion to the TraumaRegister DGU is admission to the hospital via emergency room with subsequent ICU/ICM care or admission to the hospital with vital signs and death before admission to ICU. Data are continuously entered into a web-based data server that is hosted by the German Trauma Society and its AUC-Academy for Trauma Surgery. Data anonymity is double-sided, thereby guaranteed for the individual patients and the participating hospitals. The registry collects epidemiologic, physiologic, laboratory, diagnostic, operative, interventional and intensive care medical data as well as scoring and outcome data.
We used data entered between 1993 and 2009. Cardiac trauma was identified and graded according to the abbreviated injury score, version 2005 (AIS codes 4404xx.x, 4410xx.x, 4412xx. x, 4413xx.x, 4416xx.x, 4208xx.x). Unfortunately, minor blunt cardiac trauma is not wellreflected by the AIS, even apparently small injury to the heart is being scored with an AIS of 3. For example, minor injury to the heart as reflected by abnormal CPK-MB/ troponin T and minor ECG abnormality without any signs of cardiac failure is graded with an AIS of 3, while blunt cardiac injury with signs of cardiac failure is attributed an AIS of 3 as well. Mattox and co-workers therefore suggested to score the AIS down in certain cases [21] . To allow for subanalysis we therefore modified the score in one detail. The AIS codes 441099.3, 441002.3, and 441004.3 (all minor contusion of the myocardium) were scored down to AIS 1. This is in line with the above-mentioned recommendation and with the scale of Moore and co-workers [22] . The correlation to the AIS-2005 score and the scale of Moore et al. as well as our modification to the AIS score is being shown in Table 1 .
A total number of 51,425 cases were identified within the collection time, the dataset was adjusted for incomplete data and for penetrating injuries, thereby resulting in 47,580 cases. Blunt cardiac injury was diagnosed in 1,090 cases (AIS-heart 1-6, 2.3%), 46,490 cases did not include cardiac injury (AIS 0) and served as severely injured control patients.
The RISC score was applied to calculate the expected mortality following blunt cardiac trauma (odds ratio [OR] ). Details on the RISC score can be found in previous studies [23] . Briefly, the RISC score was developed by the Institute for Research in Operative Medicine aiming to calculate the risk of death in injured patients. Developed with a dataset of the TraumaRegister DGU from 1993-2000 including 2,009 patients, the RISC score has been shown to be equipped with a significantly better goodness of fit according to Hosmer and colleagues [24] as compared to other mortality-predicting scores, e.g. the trauma and injury severity score (TRISS) [25] .
The present study is in line with the publication guidelines of the TraumaRegister DGU and registered as TR-DGU project ID 2010-013. Patient information was anonymized and deidentified prior to analysis, irreversible data anonymity is guaranteed both for the individual patients and the participating hospitals. As the data in the TraumaRegister DGU are anonymised and routinely collected clinical data obtained from the patients chart no written consent was given by the patients. This has been waived by the approving ethics committee of the medical faculty of Technical University Munich (TUM), Germany (Project number 15/15). Scaling system for heart injuries, as described by Moore et al. [22] . Correlation to the Abbreviated Injury Score (AIS) 2005 is given. To account for the recommendation of Mattox et al. [21] , minor blunt injury was scaled down (see AIS modification). *Advance one group for multiple wounds to a single chamber or multiple chamber involvement.
Statistical Analysis
The descriptive data analysis was performed using the χ 2 test and t-test (both two-sided). The RISC score-and AIS-specific odds ratio was calculated for outcome analysis. Details on the methodology were described previously [23] . Statistical analysis was done using SPSS version 18.0. If not declared otherwise, p<0.05 is considered statistically significant.
Results
Characteristics
A total number of 47,580 patients were included in this study ( Table 2) . N = 1.090 had blunt cardiac trauma (AIS 1-6), representing 2.3% of patients included. The mean age of the collective was 42.7 years, about 72% of the patients were male. The mean injury severity score (ISS) for the above-mentioned collective was 22.51 ± 13.9 (mean ± SD). The most common cause for blunt cardiac injury were road traffic accidents, attributing for 60.5% of all blunt cardiac trauma cases. In the prehospital setting, 28.4% of the total number of patients were found unconscious (GCS<8) and 17.5% in shock. Interestingly, patients with a severity of blunt cardiac injury ranging from AIS 2-6 were found unconscious in 46.3% of all cases, and in 39.3% of all cases in shock. In addition to unconsciousness and shock, resuscitation on scene was strongly correlated to the severity of injury. Blunt cardiac injury with an AIS 2-6 was associated with the need for cardiac resuscitation in about 20% of all cases, while the overall resuscitation rate was about 3%. Chest drains were placed on scene in about 5.4% of all cases. Again, severity of injury is associated with an increased need for intervention. Cases with an AIS of 1 had chest drains placed in 12.5% of all cases, cases with an AIS of 2-6 had chest drains placed in 18.8% of all cases on scene.
Comparable to the prehospital setting, certain characteristics were evident in analysing data from the trauma room management and the hospital care. Again, more severe blunt cardiac injury, as defined by AIS 2-6, were associated with a significant increase in the rate of massive blood transfusion (19.8%), resuscitation on admission (22.8%), and need for thoracotomy (26.7%). In contrast, less severe injury (AIS 1) cases were observed to need less massive blood transfusion (8.8%), less resuscitation on admission (6.5%), and lower need for thoracotomy (5.4%). Interestingly, sternal fracture is evident in one fifth of all cases even in mild severity of blunt cardiac injury (AIS 1). The impact of undergoing blunt cardiac injury is being underlined by high frequencies of ICU admissions and multiple organ failure / sepsis even in cases of AIS 1.
The 24h mortality is highest for cases with an injury severity of AIS 2-6, reaching about 31.1%. The total frequency of 24h mortality is at about 7.2%. Interestingly, as compared to the 24h mortality (7.9%), the overall mortality for AIS 1 cases reaches 16.0%, thereby being double as high. The overall mortality for AIS 2-6 cases (43.1%) is not increasing to this extent as compared to the 24h figure (31.1%).
Injury Scores
As by definition, an injury severity score 16 resembles the prevalence of a multiple injured patient. In more than 80% of cases with an AIS of 1 and higher, the definition of multiple injured patients are met (Table 3 ). The most common injury pattern is mainly restricted to combinations of blunt heart injury with head trauma or with thorax trauma, reaching frequencies of more than 40%.
Glasgow Outcome Scale
Up to 47.9% of all cases had a low disability outcome, 24.5% a moderate disability outcome ( Table 4 ). The overall mortality rate is 14.5% (note: the GOS mortality rate is not equal to the overall mortality rate of Table 2 due to the fact that GOS has not been documented for all patients). Notably, while low injury severity (AIS 1) was associated with mortality rates of 15.6%, the overall mortality rate is at 45.1% for cases with an injury severity of AIS 2-6.
Multivariate Analysis
We conducted multivariate analysis to investigate the effect of blunt cardiac injury on traumaspecific mortality, scored according to the AIS ( 
Discussion
In our analysis, blunt cardiac injury was diagnosed in 1,090 cases (2.3%). To the best of our knowledge, this is one of the most extensive studies in this field. The reported incidence of cardiac injury following closed blunt chest trauma ranges between 8% an 76%, depending on the definition and tests for cardiac injury [2] . In autopsy studies following major blunt trauma, an incidence of cardiac contusion ranging from 14%-16% has been reported [6] . As shown in our study, blunt cardiac injury is associated with an early mortality of 7.2% and with an overall mortality of 13.9%. These figures are in line with previous findings reported in the literature, ranging from 0-17% overall survival rate [26, 27] . According to the literature, cardiac injury is the most overlooked injury in patients who die from trauma [28] . The high incidence of blunt cardiac injury in conjunction with the unfavourable outcome as reflected by the high mortality rate finds itself in a surprising contrast to the knowledge of this injury pattern. The quote by Burchell in 1935 'And always with a heart contusion arise both doubt and much confusion' [29] is still valid in our days. This manuscript is the first attempt in a large-scale approach to characterise this entity of heart disease and to present predictors of its presence and outcome. Blunt cardiac trauma, irrespective of its severity, can most frequently be encountered in male patients between 30 and 50 years of age. It is most commonly caused by the combination of deceleration forces, compression forces, and shearing stress [30] . This triad can frequently be encountered due to road traffic accidents, as could be identified for up to 60.5% of the patients included in this study. Interestingly, cardiac injury due to deceleration forces has been reported after deceleration from velocities of less than 20 mph [10] . Compression forces can result from abdominal and lower extremity trauma as well, often referred to as 'hydraulic ram effect' [18, 31] . In the prehospital setting, unconsciousness (GCS <8), shock, need for chest drain placement, and CPR on scene strongly indicate blunt cardiac injury. The presence of these characteristics should raise suspicion for blunt cardiac injury in the prehospital setting, furthermore they correlate with the severity of blunt cardiac injury.
Thorough clinical examination is a prerequisite in assessing the presence and severity of blunt cardiac injury. In approximately 75% of patients diagnosed with blunt cardiac injury, thoracic concomitant injuries can be diagnosed [32] . These include for example pneumothorax, haemothorax, flail chest, rib fractures, and sternal fractures. According to the data analysed in this study, the presence of sternal fractures is strongly indicative for blunt cardiac injury. Interestingly, not only severe cardiac blunt injury (AIS 2-6) is associated with a high incidence of sternal fractures, but in minor blunt cardiac injury (AIS 1) sternal fractures can also be diagnosed in up to 20% of the patients. Our results identify sternal fractures as a strong indicator of blunt cardiac injury. In our opinion, the presence of a sternal fracture should therefore be followed by specific diagnostics and algorithm-based management. In contrast to our findings, others studies suggest no relationship between sternal fractures and blunt cardiac injury [33] . Interestingly, the cited group proposes that no specific diagnostics or management are needed in patients with sternal fractures-which in our opinion is to be considered risky against the background of our results. Depending on the severity of blunt cardiac injury, concomitant injuries are more frequent and more severe. On average, the AIS scores for concomitant injuries of the head, the thorax, the abdomen, or the extremities are highest in the presence of cardiac injury scaled AIS 2-6.
According to our data, about 87% of patients have been admitted to a monitored bed for observation (intensive care unit). No differences could be detected in this course of action between patients with an injury severity of AIS 1 -AIS 6. This is in line with findings in the literature. Even in the presence of minor abnormalities of the admission ECG, monitored bed observation is recommended [34] . This recommendation is reasoned by the fact that there is unfortunately no correlation between the complexity of arrhythmias and the degree of cardiac injury [2] . In blunt cardiac injury, about 40-80% of patients have abnormal ECGs [10, 32] . The indication of ICU observation is met on a grand scale not least because diagnostic tools are limited and false negative results might mislead. Most trauma centres apply protocols including ECG, basic blood tests and cardiac enzymes, followed by serial ECGs, cTnI or cTnT to monitor changes or progression of the injuries [11] . We strongly recommend to obtain expert knowledge in every case of blunt cardiac injury: Management of these patients should be done in a team approach together with the cardiology department.
The effect of blunt cardiac injury on trauma-specific mortality was analysed using multivariate analysis. Using the RISC score, the probability of death following trauma was first calculated for all patients included in the study (resembling the average), the OR of 2.49 allows for interpretation of the data by comparison. Interestingly, the OR in patients with blunt cardiac trauma AIS 1-3 (minor-moderate-serious) ranging from 0.81-1.09 is significantly lower as compared to the average probability of death in the given population. Blunt cardiac trauma scaled AIS 4-6 (severe-critical-maximum) are on the other hand associated with a higher risk of death as compared to the average (OR 2.79-4.89). These findings underline the need to carefully distinguish blunt cardiac injury of different severities.
Limitations
There are several limitations to our study. The analysis is based on retrospective collection of data. Due to missing data in the trauma register, aberrations in the number of total patients occurred for the Glasgow Outcome Scale and certain characteristics.
As mentioned above, the diagnosis of blunt cardiac injury is challenging. This analysis is based on a registry search, cardiac injury was identified in the participating hospitals and graded according to the abbreviated injury score (definition given in Table 1 ). The diagnosis of blunt cardiac injury was locally verified in the participating hospitals using standard measures like clinical parameters, serum markers, ECG, as well as echocardiography. Unfortunately, no cardiac enzyme serum markers (TnT; CPK-MB) or ECG information is included in the data set of the TraumaRegister DGU, retrospective validation of the identification of blunt cardiac injury could therefore not be performed. Results may be biased due to inhomogeneous standards in the treatment of severely injured patients. Whether all hospitals implemented the concept of advanced trauma life support remains unclear. In addition, grading of injuries might be biased due to potential inhomogeneous standards in the grading of injuries. Structural and geographical differences between regions and federal states were not considered. Finally, intercentre inconsistency (differences in equipment and staff training) might represent confounding factors which have to be taken into account.
Conclusion and practical implications
About every 50 th multiple injured patient suffers, beside other injuries, from blunt cardiac trauma. We identified strong indicators for the presence of blunt cardiac injury. In the preclinical setting, unconsciousness (GCS <8), shock, need for chest drain placement, and CPR on scene should raise awareness of this injury pattern. In consideration of the reduction in postoperative complications and mortality following implementation of the WHO surgical safety checklist [35] , we recommend screening checklists in emergency rooms, facilitating the identification of high risk patients for blunt cardiac injury according to the AIS score. Based on our findings, the screening checklist should incorporate preclinical and clinical parameters. Of note, treatment of patients in shock being non-responders should immediately arouse suspicion of blunt cardiac injury being the underlying cause. Our results raise awareness to carefully grade the severity of blunt cardiac injury. In any kind of doubt, 12-lead ECG should be performed. Further investigation should include echocardiography as part of the secondary survey according to ATLS (Advanced Trauma Life Support) [36] . The severity of blunt cardiac trauma, as could be shown, is correlated to the outcome and survival of trauma patients. Interestingly, concomitant injuries to other sites and organs are not correlated to the severity of blunt cardiac trauma. For example, sternal fractures indicate the presence of blunt cardiac injury irrespective of its severity. On the basis of our findings, we recommend screening for blunt cardiac injury in every case of thoracic trauma, especially in the presence of sternal fractures (indicator injury). The knowledge of the potential high impact of blunt cardiac trauma on patient survival should raise high alertness in the trauma team to this common kind of injury. Management of blunt cardiac injury should be performed in a team approach, cardiologists should be involved in any cases of doubt.
